The T-cell antigen receptor a-chain genes of an alloreactive, H-2Db-specific cytotoxic T-cell clone (3F9) are described. This study and our work on the 3F9 13-chain genes reveal that the variable region gene segments for the a and .8 chains expressed in 3F9 are identical to the ones used by a chicken erythrocyte-specific, I-Ab-restricted helper T-cell clone (LB2). These two clones differ, however, in the diversity and joining portions of the a and 1 chains of their T-cell receptor molecules. The analysis of 3F9 and LB2 with monoclonal antibodies specific for the 3F9 T-cell receptor shows that these two T-cell clones share the same idiotype; however, 3F9 and LB2 do not exhibit any antigen and/or major histocompatibility complex cross-reactivity. This suggests that the diversity and joining regions of the T-cell receptor may play a key role in antigen and/or major histocompatibility complex recognition.
tion.
For several years, one of the key questions in immunology has been: what is/are the structure(s) of the T-cell antigen receptor that enables T cells to recognize cell-bound foreign antigenic determinants together with self-transplantation antigens coded by the major histocompatibility gene complex (MHC) (restricted T cells) or to recognize foreign transplantation antigens (alloreactive T cells). The T-cell receptor, or part of it, has now been identified as a heterodimeric glycosylated protein consisting of disulfide-linked a and p chains each with a relative molecular mass of 40-50 kDa (1) (2) (3) (4) . These chains are organized similarly to immunoglobulin molecules, i.e., they consist of an amino-terminal variable and a carboxyl-terminal constant region and are encoded by noncontiguous gene segments that are rearranged during B-or T-cell differentiation to form a functional transcription unit (5) (6) (7) (8) (9) (10) (11) (12) (13) . A third class of genes, called y, has also been identified at the mRNA level. The y genes possess many properties in common with the a-and P-chain genes, which indicates that they are a third class of T-cell receptor chain genes (14) (15) (16) (17) (18) . However, the role of the y-chain in T-cell antigen recognition is still unknown.
We have reported (19, 20) that the P-chain variable region (VO) gene used by an alloreactive cytotoxic T cell (3F9) is the same as that of an antigen-specific, class II-restricted helper T cell (LB2-1). Here we report on the isolation and sequence determination of the a-chain gene of the alloreactive cytotoxic T-cell clone 3F9. Surprisingly, the a-chain variable region (Va) gene expressed in 3F9 is also identical to the V, gene expressed in the helper T-cell clone LB2-1 (21) . Although 3F9 and LB2-1 share an idiotype on their T-cell receptor, they do not exhibit any immunological crossreactivity.
MATERIALS AND METHODS T-Cell Clones. 3F9 is an alloreactive cytotoxic T-cell clone from BALB/c (H-2d) mice and is specific for the Db allele of the murine MHC region (22) . 3A2 is a subclone of 3F9. LB2-1 is an I-Ab-restricted, chicken erythrocyte-specific helper T-cell clone from C57BL/6 (H-2b) mice (23, 24) . The other control T-cell lines used in the fluorescence-activated cell sorter analyses are also described (23, 24) .
cDNA Library Construction and Screening. The construction of the Xgtll-3F9 library was described (19) . The screening of this library for cross-hybridizing clones was performed with a 32P-labeled human a-chain cDNA clone (a gift of Tak W. Mak) by standard procedures (25) . Thirty a-positive clones out of 2 x 105 recombinant phages were isolated, and the DNA sequence of the longest insert was determined using the Maxam and Gilbert procedure (26 (3F9) and C57BL/6 (LB2-1), or to a cloning artifact. 3F9 and LB2-1 a-cDNA clones differ, however, in the a-chain joining region (Ja) and at the point of Va-Ja joining. The 3F9 a chain bears the genomic sequence corresponding to Ja 19; LB2-1 carries a different Ja segment that has not yet been identified at the genomic level (12) . The 3F9 and LB2-1 a-cDNA clones bear three nucleotides between the corresponding Va and Ja gene segments that cannot be accounted for by germ-line sequences. The triplet GAG encoding glutamic acid in 3F9 corresponds to GAT encoding aspartic acid in LB2-1 (21) . These triplets could be part of a not-yet identified a-chain diversity region (Da) gene segment or the result of a terminal deoxynucleotidyl-transferase activity during Va-Ja rearrangement, a mechanism that has been postulated to be important for the generation of antibody diversity during B-cell development (27) .
Additional comparisons with published sequences for achain genes revealed that the D -specific alloreactive cytotoxic T-cell hybridoma P71 (28) bears a Va gene segment that is closely homologous to the one expressed in 3F9 (and LB2-1) but rearranged to a different Ja gene segment (21) (Fig. 1) . Therefore, it would be of interest to compare the 3F9 and P71 (8 chains to determine similarities that might be involved in Db recognition. (22), specific for the 3F9 T-cell receptor, were tested on LB2-1, 3A2 (a subclone of 3F9), and two chicken erythrocyte-specific T-cell clones that share fine specificity (GK15-1) or MHC restriction (LB19-1) with LB2-1. The data in Table 1 indicate that 3A2 and LB2-1 share the same idiotype, which, therefore, might be located in the variable domains and not in the D-J regions of the T-cell receptor molecule. The idiotype was not detected on the two T-cell clones that differed from LB2-1 either in fine specificity or MHC restriction.
VaII Ja Ca It is interesting that an additional cytotoxic T-cell hybridoma P71 specific for Db (28) (30) . In the absence of firm evidence for a second additional specific receptor on T cells, these considerations favor the hypothesis that there is a single recognition site for the neoantigen, formed by the antigen and MHC molecules (hereafter referred to as Ag/MHC), within a single receptor structure. In this context, two possible explanations of the roles of the variable portions of the T-cell receptor in mediating Ag/MHC specificity could be proposed.
ICA
First, the D-J-segments could influence the three-dimensional conformation of the variable domains. In this case the single recognition site of 3F9 and LB2-1 T-cell receptors could be located in the variable domains, which assumes different conformations depending upon the associated D-J regions.
The second model proposes that the variable domains have conformations that do not depend on the D-J regions used. In this case the variable regions would contribute to the formation of Ag/MHC binding sites that are unable to provide the necessary affinity that is high enough to activate effector T cells. Sufficiently high specific Ag/MHC affinity would then be contributed by the relatively small D-J regions. If this model is correct, the variable region segments could select the Ag/MHC by forming pockets for selected but differing Ag/MHC complexes. The D-J regions would be located in these binding sites in such a way that they would be responsible for a particular fine specificity.
The fact that two monoclonal antibodies specific for the T-cell receptor of 3F9 also react with the T-cell receptor of LB2-1 indicates that these receptor molecules share antigenic LB2-1 E. 0. Independently of the mechanism of interaction between Ag/MHC complexes and T-cell receptor molecules, we suggest that the role of the variable segments of the T-cell receptor could be of lower importance than the D-J regions for Ag/MHC recognition. The limited contribution of the T-cell receptor variable domains to antigen recognition could represent a major difference between T and B cells. This could explain some differences between T-cell receptor and immunoglobulin gene segment organization and the respective mechanisms to increase antigen receptor diversity. Evident differences between T-cell receptor and immunoglobulin genes include the different sizes of the repertoires of V vs D and J gene segments. It seems that the D and J gene segment repertoires of the T-cell receptor are larger than that of the V gene segments, whereas for the immunoglobulin genes the opposite is true. Moreover, the D gene segments of the f3 chain of the T-cell receptor are facultatively rearranged and possess three open reading frames, and the recombination site between D and J genes is less defined as compared to immunoglobulin heavy chain genes. These mechanisms that increase the diversity at the V-D-Jjunctions of the T-cell receptors have not been observed in immunoglobulins.
Furthermore, somatic mutation in the variable regions, which is a very important mechanism to generate antibody diversity, has not been reported in T-cell receptor genes. A possible reason for this might be the requirement that T cells create receptor diversity that avoids autoreactivity.
All these observations and considerations would imply different roles for variable vs diversity and joining regions in antigen recognition by T and B cells.
